The trade intensity index, constructed as exports plus imports divided by GDP, is the most commonly used measure for trade openness and globalization. The index tends to indicate small countries are more open than large countries. We show that it is the inconsistence of two implicit assumptions in the index that leads to a size bias in the openness measurement. We use a combination of axiomatic and parametric methods to derive an unbiased, generalized index that embodies the conventional index as a special case. Correcting the size bias leads to very different results in relative openness measures between countries and in the estimates of the growth effect of trade openness.
Introduction
The trade intensity index (TII), constructed as exports plus imports divided by Gross Domestic Product (GDP), is the most commonly used measure for trade openness 1 and increasingly for globalization 2 as well. It has been deployed widely in empirical economic studies, either as a variable of primary interest 3 or as a variable of controls. It is equally prominent outside the sphere of academic research, being featured regularly in business, finance and policy reports as a standard economic indicator. These facts underlie the important role played by this measurement of trade openness.
The TII, however, often gives counterintuitive results when it comes to large countries. For instance, the U.S. is ranked way below Swaziland and Tajikistan by the index, and likewise China is ranked behind Cambodia and Laos (see Table 4 later). These results are not surprising if the TII is (rightly) interpreted as a measure of trade dependency, as large countries are expectedly less reliant on international trade than the small ones. However, when the index is used as a measure of trade openness or globalization, the results become counterintuitive -considering the U.S. is a core nation in the world trade system while Swaziland and Tajikistan are far from that, and China is also way ahead of its two neighbouring countries as a trading power house. In short, the TII 'appears' to understate the degree of openness of large economies relative to small economies.
In fact, this issue has been noticed by many and there are some attempts in the current literature to 'correct the size bias' through modifying the TII (see Table 1 later). A major limitation with those attempts is that, while they are based on the proposition of there being a size bias in the TII, how that proposition comes about is never made clear, and seldom a case is made to explain why a particular modified TII formula should be considered as the unbiased (or a less biased) measure. As those modifications are not based on a rigorous theoretical foundation, they appear to be ad hoc and thus their results are contestable. 1 In reviewing different measures of openness, Pritchett (1991 Pritchett ( , 1996 categorizes them into four general types: (i) trade to GDP ratio, (ii) measures of tariffs and non-tariff barriers, (iii) differences between the actual trade flows and the predicted trade flows based on some benchmark models, and (iv) real price distortions. 2 For example, it is used as part of the KOF Globalization Index (Dreher 2006 ) and the A.T. Kearney/FOREIGN POLICY Globalization Index (http://www.atkearney.com). 3 For example, Jaumotte, Lall and Papageorgiou (2008) look at the effects of trade openness on income distribution, Dollar and Kraay (2003) and Yankikkaya (2003) focus on its effect on growth, while Dollar and Kraay (2004) examine its effect on growth as well as poverty.
The paper aims to investigate the issue using a new approach. First of all, we tease out the source of the bias and thus indirectly proving 4 that the TII is indeed biased in favour of small countries (or equivalently against large countries). We show that it is the inconsistence of two implicit assumptions in the TII that causes the size bias, which once revealed, will automatically point to the direction of appropriate correction. This leads to the development of a more generalized measure of trade openness that embodies the TII as a special case. For empirical work, however, a specific formula is more useful than a general formula. To that end, we first apply an axiomatic approach to pin down the most appropriate functional form for the new index and then use data to parameterize the function. The advantage of combining these two approaches is that the derived index will have a proper theoretical foundation underpinned by the axioms and, at the same time, be agreeable with the data. We apply both the new and the conventional indexes to the data and find that correcting the size bias leads to very difference results in relative trade openness measures between countries and, in relation to that, in the estimates of the growth impact of trade openness.
The rest of the paper is organized as follows. In Section 2 we review some modifications to the TII that have been proposed in the literature. In Section 3 we diagnose the fundamental source of the size bias and propose a generalized trade openness index to rectify the problem. We then in Section 4 combine an axiomatic and a parametric approach to determine the most appropriate specific version of the formula. In Section 5 we examine how the new index affects the trade openness measures and ranking outcomes for different countries. The trade data includes exports and imports of both goods and services. We also re-examine in this section the growth impact of trade openness to illustrate how sensitive the results can be to the correction of the bias, before concluding the paper in Section 6.
The Trade Intensity Index (TII)

The conventional formulation
The trade intensity index is typically computed as the total-trade-to-GDP ratio:
where i X and i M are respectively the total export and total import flows of country i , and * i Y is its GDP. The rationale of dividing the total trade flows by GDP is to control for economic size, as large countries are likely to trade more in absolute terms. In other words, the TII values for countries of different sizes are supposed to be commensurable. Also, since both trade and GDP are measured in the same currency unit, there is no need to adjust for inflation in temporal analysis or for exchange rates in cross-country comparison. That is, the index is scale independent.
An improvement to formula (1) is to use Purchasing Power Parity (PPP)-based GDP in the denominator:
where i Y is PPP-based GDP for country i . The reason for this is that, due to the Balassa-Samuelson effect, prices of non-tradable goods and services in high income countries are greater than those in low income countries, leading to an overestimation of the former's economic sizes. This improved formula has been used in a number of recent studies, including Alcala & Ciccone (2004) and Dollar and Kraay (2003) . Still, this is not a universal practice; some cross-country studies continue to use formula (1).
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While using PPP-based GDP is important on its own right, it does not remedy the size bias.
On the other hand, if non-PPP-based GDP remains to be used, then it is even more important to correct for the size bias. This is because the share of GDP by the non-tradeable sector is bigger in large economies than in small economies in general; as such the Balassa-Samuelson effect will inflate the GDP of larger economies more, reinforcing the size bias. To illustrate this point, in Figure 1 we plot the PPP price ratio (i.e. non-PPP-based GDP divided by PPP-based GDP) against the log value of non-PPP-based GDP for 167 countries averaging over 1995-2004. All figures are measured in constant 2000 US$ and the data are drawn from the World Development Indicators (WDI). The slope coefficient of the linear regression line is positive and significant at the 1% level. This confirms that the degree of overestimation by non-PPP-based GDP increases with the size of the economy. 
Modified indexes in the literature
The fact that small countries tend to come out more favourably than large countries in openness assessments based on the TII is not a proof of size bias by itself. To fix the idea of size bias, consider a world of two countries, p and q, where 2 2
that is, country p is twice the size of country q, and both countries maintain a zero trade balance.
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The TII will always indicate that country p is half as open as country q regardless their trade regimes or the volume of trade flows between them. This is what we consider the size bias because the only factor that leads to a smaller openness measure for country p is its relatively larger size.
There have been a few attempts to correct the size bias. Table 1 lists the standard TII, a number of modified measures found in the literature, and the outcome they bring in the above two-country example. 6 The assumption of zero trade balance is merely for simplicity and is not essential for discussion. 
Ferrieri (2006) (1 )(1 ) et al. (2004) try to account for the size factor by incorporating a measure of the home country's GDP share in the world in their index. According to their index, the larger country p will be more open if / 2/3 X Y  . The threshold of 2/3 signifies the arbitrariness of the correction; also, the index is not bounded below and could become negative. Squalli & Wilson (2006) suggest a composite index consisting of the product of two components -the conventional trade intensity measure and the ratio of the country's trade flow to the world's average trade flow. The second component aims to account for the fact that small economies have less trade flows in absolute terms. In the above example, their measure however yields exactly the same result as the conventional one. Using the world's average trade flows also has a drawback that the home country's openness measure will be affected by the integration or disintegration of other countries even if its trade flows remain the same. Ferrieri (2006) proposes to modify the conventional measure using a power function but fails to provide an explanation for this choice. The proposed measure still indicates country q is more open than country p, though the gap has been substantially narrowed. Graff (1999) takes the very different approach of using a parametric method. Specifically, he regresses the conventional trade openness measure against GDP and a constant, and then takes the residual as the trade openness measure. There are pros and cons of the parametric approach. While it can control for multiple factors, not just GDP, the results could be sensitive to the dataset and estimation method. Moreover, the openness measure needs to be constantly updated when new data become available. On the contrary, using non-parametric statistics like the others in Table 1 means the results are strictly reproducible 7 and typically of more intuitive meanings. Furthermore, the estimates for any given period are independent of what data being available in the past or in the future. This paper combines these two approaches.
The vastly different outcomes amongst the modified indexes in the above example reveal a fundamental issue. In providing a modification to the TII, researchers are suggesting that there is a benchmark of unbiased (size-wise) measure of openness. While there can only be a single unbiased benchmark, it is not clear in the previous studies why one particular modified index constitutes that benchmark while the others do not. To address this issue a more coherent theoretical framework is required.
A generalized trade openness index (TOI)
In the aforementioned example, the TII of country p can be written as a linear combination of an export openness measure and an import openness measure:
The rationale of normalizing exports by GDP is that a large country may export more than a small country, and therefore it is necessary to adjust a country's export volume with its economic size to give a more meaningful measure of its export openness. Likewise, the import volume needs to be normalized by GDP as a large country may also import more than a small country. In other words, in formula (3) country p (and likewise for country q). Indeed, this conclusion would have emerged straight away if one invokes the gravity model framework. As the most robust empirical framework for international trade, the gravity model framework dictates that bilateral trade between two countries is determined by, amongst other factors, the sizes of both countries. This logic extends to a multi-country world: as a country's total trade is equal to the sum of all its bilateral trade with other countries, it must be constrained by their aggregate demand and supply capacities. Accordingly, in constructing a trade openness measure, the trade volume of the home country should be adjusted for, besides its own GDP, the GDP of the rest of the world (ROW). The latter includes GDPs of the countries that are currently not trading with the home country because otherwise it would overstate the external constraints confronted by closed economies.
A general formula that serves this purpose is
where # i TOI is the generalized trade openness index for country i , 
is the total PPP-based GDP measure of the ROW for country i , and N is the total number of countries in the ROW. Here i RWY serves as a measure of the demand constraints for the home country's exports and as well as a measure of the supply constraints for its imports. (.,.) f is a function of the two GDPs.
# TOI is broken down into the export and import openness measures, as we do not want to presume at this stage that supply and demand capacities must have symmetric effects on trade flows.
At this point, an inevitable question is: Given The answer is no, except for some special cases. We demonstrate this with the following example, which becomes highly relevant later. Consider the case of (.,.) f being a constant-elasticity-of-substitution (CES) function 8 with equal weighting on its two augments. Thus, ( , )
and we have 
That is, the conventional measure TII is a special and, in fact, an extreme case of the generalized index. Also,
 , which closely resembles the formula of Li et al. (2004) except that all terms are now in log. 
It should be emphasized that the CES function is merely an example here and we do not suggest that it is the only appropriate function form at this stage.
Different values of r have different scaling effects on the absolute openness measures of countries p and q, but their relative openness is always equal to unity. This is because the two countries trade under exactly the same set of (mutual) constraints and therefore there is no information to differentiate their openness. However, this is not the case in a multi-country world. Figure 2 shows the relative trade openness of a small (the Netherlands), a medium (Canada), and a large (the U.S.) country against the value of r. The data are the same as those in Figure 1 . In terms of PPP-based GDP, the U.S. is over 10 times the size of Canada and over 20 times that of the Netherlands. The relative trade openness measure of any given pair of countries is bounded: the upper bound corresponds to the ratio of their TIIs, while the lower bound corresponds to the ratio of their trade volumes. Thereby, the ratio of the maximum to minimum values of the relative openness measures of two countries is exactly equal to the inverse of their GDP ratio. In other words, the wider the GDP gap between two countries, the larger the variation in their relative openness measure as the value of r changes. This is why the relative openness between the Netherlands and the U.S. has the biggest variation. TOI could be consequential. Second, the choice of the functional form for (.,.) f could make huge differences to countries' relative trade openness measures. Third, acknowledging the need to incorporate external supply and demand constraints into the trade openness measure is only the first step towards correcting the size bias. To arrive at a specific measure that can be used in empirical work, further theoretical inputs are needed to pin down the precise form of (.,.)
f .
A more specific trade openness index
An axiomatic approach
We take formula (4) of the generalized trade openness index # TOI as the starting point. In what follows, we propose a number of desirable properties (i.e. axioms) that an appropriate trade openness index (TOI) should exhibit and then use these axioms to determine the appropriate form of (.,.)
f . 
so that the exports and imports of a country are scaled by the same GDP factor. Thereby, formula (4) becomes # ( , )
This axiom arises from the quest for simplicity. As explained before, this implies that in a two-country world the two countries will always have the same degree of trade openness.
Axiom 3:
The TOI is scale independent.
This axiom means that the index value is independent of the currency unit in which trade flows and GDP are expressed. Since the numerator ( ) (5)):
Here it is useful to emphasize that the CES function is not an arbitrary choice here anymore; it is the only functional form for (.,.) f that makes the TOI satisfy all three Axioms.
Axiom 4:
The TOI value of a country is independent of the number of countries in the rest of the world, other things equal.
This axiom means that the TOI value of a country will not be affected by the integration or disintegration of other countries, provided that its trade flows and its and the ROW's GDPs remain unchanged. This excludes the possibility of the TOI taking forms like
, which measures the GDP-adjusted average trade flows between country i and an average country in the ROW.
Axiom 5: A country's TOI value tends towards its TII value as the rest of the world's GDP increases, other things equal.
As the economic size of the ROW gets bigger, the external constraint on the home country's trade flows becomes less binding and, therefore, the TII should become closer to the unbiased measure, i.e. lim 
Although the five axioms together restrict the functional form of (.,.) f to a specific CES function, for the TOI to be useful in empirical work, we need to further pin down the value of r. Since no theoretical considerations can help achieve that, we look to the data for plausible answers.
A parametric approach
We follow the practice of the parametric approach to look for a value for r that can maximize the correlation between the GDP factor and trade flows. The regression model is based on formula (8) so that the final, parameterized index formula will have a rigor theoretical foundation underpinned by the aforementioned axioms. In a sense, we are estimating a structural model. The following non-linear regression is estimated: : 1975-84, 1985-94, and 1995-2004 . The first decade covers 101 countries and the last one 145 countries. The data series include exports and imports of goods and services, and PPP-based GDP, all measured in constant 2000 US$. The data are sourced from the WDI. Since size matters most in inter-country comparison, we focus on the cross sectional aspect of the data by taking simple average over each decade and treat them as a pooled cross-sectional dataset.
The results are reported in Table 3 . Besides the full sample, we also estimate the model using data for each of the three decades. The figures in parentheses are heteroskedasticity robust standard errors. In all estimates the coefficient r is significant at the 1% level and the R-squared is larger than 0.99, thus we do not litter the table with those information. The results indicate that formula (8) is highly agreeable with the data. The estimated coefficients for the export and import regressions are very similar across all the samples, providing support to normalizing exports and imports with the same denominator. All estimates for the coefficient r are significantly less than zero, verifying the theoretically motivated restriction that we imposed on its sign. The estimates are nearly identical for the first two periods and are only marginally different for the third period. This allows us to focus on just the full sample.
The results for total trade with the full sample suggest that, rounding up to one decimal point, 0.2 r   .
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This implies that the elasticity of substitution between supply and demand capacities in international trade flows is at the order of 0.8. We take this as our preferred value for r and set the final form of the TOI as:
The TOI can be interpreted as the trade volume as a share of the home country's GDP factor, which is defined as a CES function of its own GDP and the GDP of its potential trading partners as a whole. In other words, the TOI can be interpreted in a way very similar to the TII despite the difference.
A potential criticism of this formulation is in order. If a country's GDP and trade stay constant while the ROW's GDP grows, why should we think the country is becoming more closed? In a gravity model framework, a country that trades with a smaller partner (the ROW here) is considered to be more open than a country of the same size and trading the same amount of goods but with a larger partner. The same intuition appears here. 10 The value of 0.2 actually falls within the 95% interval of the point estimate.
Formula (10) can also be written as
Here we can consider
as the correction to the TII and, thus, its inverse as a measure of the size bias. In our dataset, the average size bias is 0.35 (or 35%) with a standard deviation of 0.13. In other words, the extent of size bias is fairly severe on average but the degree of biasness varies substantially across countries. is only a point estimate, it is natural to ask how sensitive the index value is with respect to the coefficient value. Figure 3 shows two correlation coefficients between the TOI and * ( ) TOI r for 0 0.5 r    . Over a wide neighbourhood around 0.2 r   based on the scale its standard error (i.e. 0.0033), the Pearson and the Spearman rank correlations are extremely high. This gives us confidence that the TOI is robust to estimation errors in r. Figure 2 shows that, at 0.2 r   the openness gaps between the Netherlands, Canada and the U.S. are greatly reduced as compared to r   (i.e. when the index becomes the TII). For instance, the relative openness between the Netherlands and the U.S. shrinks from the ratio of 4.5 to 1.4, and that between Canada and the U.S. shrinks from 2.8 to 1. The openness gaps between some other countries, however, are enlarged as a result of correcting the size bias, as to be shown next. The Pearson correlation between the TOI and TII is equal to 0.78. Despite the overall positive correlation between the two indexes, the scatter plot of their log values in Figure 4 shows that there remains a fair amount of discrepancies between them. The figure also reveals that the size bias leads to more cases of overstatement than understatement of trade openness by the TII. This is because small-sized countries outnumber their large-sized counterparts in the dataset.
Applications
Comparing the TOI and TII
Previously, Figure 2 showed that using the TOI leads to a substantial reduction in the openness gaps between the three sample countries. This finding, however, cannot be generalized to other countries. For instance, before correcting the size bias, Canada and Estonia are deemed as equally open with an openness measure equals to 24; after the correction Canada's measure increases by more than 50% to 38 while Estonia's measure decreases by 40% to 14, creating a big gulf between them. Since the TOI only controls for size factors, the differences in its values between countries would be attributed to factors unrelated to size, such as trade barriers, distance from potential trading partners, institutional setting and endowment. The significant changes in relative openness between many countries mean that there are also substantial movements in their rankings. The country rankings according to the two indexes, as well as the changes in the rankings are also reported in Table 4 . If the change in ranking is positive, it means that the TOI ranks the country in concern higher than the TII does. For instance, Germany is ranked 32 nd by the TII but 6 th by the TOI, so its ranking improves by 26 places when the size bias has been rectified. The average change of ranking is equal to 16.4 (against the total number of 145 countries), and the standard deviation is 15. The effect of the new index on country ranking is shown in Figure 5 , which is a scatter plot of the TOI ranking against the TII ranking. The Spearman rank correlation between the two indexes is equal to 0.84. So the rank correlation between the two indexes is moderately high.
As expected, a lot of large economies have moved up the ranking ladder as a result of correcting the size bias. China exhibits the largest change in ranking with an upward jump of 87 places to rank 
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Returning to the examples in section 1, after correcting for the size bias, the U.S. is now ranked well ahead of Swaziland and Tajikistan, and China is considered much more open than Cambodia and Laos -as one would expect.
Trade openness and growth
The change in country ranking as evident above could have significant implications to cross country analysis of issues such as the effect of trade openness on growth or inequality. How the use of the TOI would affect an empirical outcome is obviously case dependent. As an illustration, we follow Dollar and Kraay (2004) (referred as DK hereafter) to examine the growth impacts of trade openness, but use the TOI and TII in turn to compare and contrast their results. This exercise only serves to illustrate the potential impact of correcting the size bias in empirical work. It is not meant to be an in-depth study of the determinants of growth. Thereby, we will draw mostly on the sensitivity of the results with respect to the two openness measures.
We adopt model (2) from Table 4 of DK. The model involves regressing log income on its own lag, the log value of the trade openness measure, country fixed effects and time fixed effects. The first fixed effects capture time invariant country specific factors, such as geography and institutions, while the second ones 11 These changes in the openness ranking can be summarized crudely by the changes in rank correlations between the economic size and openness measures. The Spearman correlations between lnGDP (PPP, constant 2000$) and the openness measure increases to 0.37 with the TOI from 0.11 with the TII. In other words, there is a general but mild reverse ordering of openness rankings when the size bias is rectified. capture time variant country common factors such as world commodity prices. Certain portion of country specific but slowly evolving factors such as demography and policies can be captured by lagged income. For the remaining omitted factors, as long as they are not correlated with both income and trade, they will not cause bias to the coefficient estimate for openness. DK show that this parsimonious model is very robust in that, adding a number of other possible determinants neither improves the model nor significantly affects their results on trade openness. The simplicity of the model allows us to focus on the differences that the new trade openness measure could make.
The dataset is the same as that in section 4.2. Due to the use of first differencing and lag variable, it covers only 101 countries. It is, thus, a typical "large N and small T" panel. Following the estimation strategy of DK, the model is estimated in first difference to remove the country fixed effects. This means that in practice we are regressing the income growth rate of the 1990s (i.e. from 1985-94 to 1995-2004) The results are presented in Table 5 . We first estimate the model using OLS regressions. All variables are significant at the 1% level with the expected signs. Yet, there are noticeable quantitative differences in that the point estimate of the TOI coefficient is nearly 50% larger than of the TII coefficient. On the other hand, the coefficient on the lagged income in the TOI model is slightly smaller than that in the TII model. However, since trade openness could be endogenous, the OLS estimations may be biased.
To address the endogeneity problem, we re-estimate the model using 2SLS estimators (columns 3-4). All variables remain significant at the 1% level with the exception that the TII's significance drops just below the 5% level (p=0.058). All variables retain their expected signs. Quantitatively, the use of IV estimation sees the coefficients on trade openness increasing. Interpreting the results mechanically, the TOI model suggests that a 100% increase in trade openness would lead to a 30% increase in income, while the TII model suggests a 17% increase only. This means that, after arresting endogeneity, the difference between the TOI and TII coefficients becomes even wider. Yet, one should also be aware that the 95% confidence intervals of the two coefficients overlap. Notwithstanding, for this dataset and model specification, removing the size bias reveals a higher point estimate for the effect of trade openness on income.
The coefficient on the lagged income in the TOI model is noticeably smaller with the use of instruments. Lastly, results from Wooldridge's (1995) over-identification test, which is robust to heteroskedasticity, suggested that the instruments are valid.
In columns (5)- (6), we exclude the two most open economies -Hong Kong and Luxembourg -from the sample as their openness could be overstated information, the world GDP, which is easily available; 15 and (7) it is highly agreeable with the data.
We demonstrated that incorporating the external size constraint can lead to significant changes in the relative openness measures between countries and in the estimated effect of trade openness on income. To the extent that trade openness often matters in cross country analyses, using the unbiased measure in the form of the TOI should help deliver more reliable results.
